Introduction
============

Colon cancer is ranked third among all types of cancers as regards to incidence, whereas it is the second leading cause of cancer-related deaths^[@B1]^. Surgical intervention has an important role in treatment methods. Colorectal surgery is being widely used in colorectal cancers as well as ischemic colitis, ulcerative colitis, Crohn disease, mechanical intestinal obstruction, trauma, and recurrent diverticulitis^[@B2]^. Today, despite the developments in surgical techniques and the application of new technologies such as robotic surgery, there are still cases which end up with death after colon anastomosis when the anastomosis area cannot heal completely and there is a leakage^[@B3],[@B4]^. Ischemia, anemia, malnutrition, tension in anastomotic line, surgical technique, localized infection, and obstruction in distal anastomosis may be listed among the possible causes of anastomotic leaks^[@B3],[@B5]^. Whatever the cause, anastomotic leaks can still be observed at a rate of 1-19.2% after colorectal surgery interventions despite the developments in surgical techniques^[@B3],[@B4],[@B6]^.

Full and rapid healing of the anastomosis injury is very important in reducing the risk of leakage after surgery. Although several methods and materials have been used to speed up the healing of the injury and to increase the strength of the tissue newly developing, a method fully accepted could not be defined yet.

One of the molecules effective in healing of injuries is quercetin^[@B7]-[@B9]^. Quercetin is a polyphenolic compound that has the structure of 3,5,7,3',4'-penta hydroxy flavonol^[@B10]^. Quercetin has a strong antioxidant effect. It has also effects on cleaning free radicals such as superoxide, hydroxyl, peroxyl, alcoxyl, and lipid peroxyl, inhibition of cyclooxygenase and lipoxygenase enzymes and metal chelation^[@B11]-[@B13]^. In literature studies, it was shown that quercetin has a beneficial effect on healing of skin injuries^[@B5]^. This effect of quercetin is thought to be coming from its antioxidant feature. As a matter of fact, there are studies that support the importance of antioxidant effect on healing of injuries^[@B14]-[@B16]^. Furthermore, it was also shown that antioxidant effect is very important in healing of injuries after colon surgeries^[@B17]-[@B20]^. When the beneficial effects of antioxidants on healing of injuries and the antioxidant effect of quercetin come together, it suggests that quercetin can contribute to the healing of colon anastomotic injury and can prevent the complications that occur after leakage. Therefore, we studied how quercetin affects the healing of injury after colon anastomosis by using two different doses of quercetin. For this purpose, we administered quercetin intraperitoneally to rats, which were applied colon anastomosis, beginning from the date of anastomosis. We examined the effects of the treatment on healing of surgical injury and antioxidant enzyme activities on early period (third day after anastomosis) and late period (seventh day after anastomosis).

Methods
=======

*Experimental animals and environment*
--------------------------------------

This study was realized at Çanakkale Onsekiz Mart University Experimental Researches Implementation and Research Center, Medical Faculty Physiology Laboratory, and Medical Faculty Pathology Laboratory. The project was found in compliance with ethical board directives and approved by Çanakkale Onsekiz Mart University Ethical Board of Animal Testing (Approval No. Of the Ethical Board: 2013/09-09, 2015/08-26).

In this study, 80 male Wistar-Albino rats (ÇOMÜDAM, Çanakkale, Turkey) of 230-260 gr were used. During the experiment period, the rats were observed in the laboratory with 20±2 ºC constant room temperature, 50% humidity, and 12 hours day and night cycles. For their nutrition standard animal feed and tap water were used.

*Experimental groups*
---------------------

The rats were divided into 8 groups, each group having 10 rats.

\(1\) Control 3 days (C3 group)

\(2\) Control 7 days (C7 group)

\(3\) Dimethylsulfoxide (DMSO) control 3 days (DMSO3 group)

\(4\) DMSO control 7 days (DMSO7 group)

\(5\) Quercetin 20 mg/kg 3 days (Q3/20 group)

\(6\) Quercetin 100 mg/kg 3 days (Q3/100 group)

\(7\) Quercetin 20 mg/kg 7 days (Q7/20 group)

\(8\) Quercetin 100 mg/kg 7 days (Q7/100 group)

Colon anastomosis was performed in all groups. The healing of injury was observed on the third day of surgery for 3 days groups, and on the seventh day of surgery for 7 days groups. After surgery, control groups were applied with physiological saline solution, DMSO groups were applied with DMSO, and quercetin groups were applied with quercetin (Sigma-Aldrich Co., St. Louis, USA) dissolved in DMSO (20 and 100 mg/kg) (Sigma-Aldrich Co., St. Louis, USA) with injections intraperitoneally (IP)^[@B21],[@B22]^.

*Surgical procedure*
--------------------

Animals used in this study were anesthetized by intramuscular injection of a mixture of Xylazine (5 mg/kg Rompun®, Bayer Healthcare, Kansas, USA) and Ketamine (50 mg/kg-Ketalar®, Pfızer-Zentiva, Lüleburgaz, Turkey) following a 12 hour fasting. All stages of the operation were performed under aseptic circumstances.

Abdomens of rats were opened by a midline cut. Cecum and colon were taken out. A 1 cm piece of the left colon was cut and taken out from the colorectal junction. Then, colon anastomosis was made end-to-end with a 6/0 polypropylene suture. After the operation, fascia and skins of the rats were closed continuously with 3/0 silk suturing. To prevent dehydration, 5 ml ringer lactate solution was applied subcutaneously^[@B19]^. The rats were allowed to be fed freely after the effects of the anesthesia wore off.

*Actions carried out after the anastomosis*
-------------------------------------------

Subjects were anesthetized by using ether on the third and the seventh day. The animals were sacrificed after blood samples were taken by cardiac puncture. Abdomens of the subjects were opened and 2 cm distal and 2 cm proximal of the anastomosis and intestine including the anastomosis line were resected and anastomosis bursting pressure at the anastomosis line was measured. After this measurement, colon including 0.5 cm distal and 0.5 cm proximal of the anastomosis was resected. After that, half of the anastomosis line of the rats was put into a -- 80°C freezer for measurement of malondialdehyde (MDA) level, superoxide dismutase (SOD) activity, catalase (CAT) activity, and hydroxyproline level; other half was kept in a formol solution for pathological examination.

*Anastomosis bursting pressure measurement*
-------------------------------------------

Two cm distal and 2 cm proximal of the anastomosis and intestine including the anastomosis line were resected. After the available fecal content was washed with physiological saline solution and removed, one end of the colon was attached to the infusion pump and the other end was attached to the pressure transducer (Biopac MP 35 Data Acquisition System, Ankara, Turkey) by 2/0 silk suturing. After the distal catheter was attached to the pressure transducer in the data collecting system, physiological saline solution infusion was made from the proximal catheter at a 4 ml/min speed via infusion pump. Meanwhile, pressure level reached during the bursting of anastomosis location was determined by recording changes in pressure in the intestinal segment continuously.

*Measurement of *hydroxyproline* level*
---------------------------------------

For hydroxyproline measurement, tissues were weighed and taken into eppendorf tubes and 100 µl distilled water was added. After 100 µl and 12M concentrated hydrochloric acid was added, they were kept in a laboratory oven (Thermo Scientific Heratherm oven OGS60, Langenselbold, Germany) at 120^ο^C for 3 hours. Cooled samples were centrifuged at 4000 rpm for 10 min. The supernatants obtained were transferred to eppendorf tubes readily prepared for activity measurement and hydroxyproline was measured spectrophotometrically at 560 nm as defined in the kit prospectus (Sigma-Aldrich® Hydroxyproline Assay Kit MAK008, St. Louis, USA). The results were determined as μg/mg ww (wet weight).

*Measurement of malondialdehyde (MDA) level*
--------------------------------------------

Tissue MDA levels were determined according to the spectrophotometric method defined by Ohkawa *et al*.^[@B23]^. Samples taken were weighed by precision scales and then their homogenates were prepared. Tissues were weighed in 100 mg for the homogenization process. 50 mM (pH=7) phosphate buffer was added to make a dilution at a rate of 1/10 (m/v). In order to prevent contamination, 1 mg butyl hydroxytoluene (BHT) was added per 10 mg sample. Then it was homogenized in a ball homogenizer (Retsch MM400, Retsch GmbH, Haan, Germany) at 30 Hz frequency for 10 min. Samples taken from the homogenizer were centrifuged at 4000 rpm for 10 min. The supernatants obtained were transferred to eppendorf tubes readily prepared for activity measurement. Tissue MDA determination was made by spectrophotometric measurement at 532 nm of a pink complex generated by MDA, which is the last product of lipid peroxidation that occurs as a result of incubation of tissue homogenate in hot water bath for one hour, with thiobarbituric acid (TBA) (Sigma-Aldrich Co., St. Louis, USA).

*Measurement of superoxide dismutase (SOD) activity*
----------------------------------------------------

Samples taken were weighed by precision scales in accordance with SOD kit (Cayman Chemical Company Superoxide Dismutase Assay Kit 706002, E. Ellsworth Rd-Ann Arbor, MI, USA) procedure and their homogenates were prepared. Tris-HCI buffer (pH=7.4) was added to tissue samples to make a dilution at a rate of 1/10 (m/v). The samples were homogenized in a ball homogenizer (Retsch MM400) at 30 Hz frequency for 10 min by being kept in their coldness. The tubes taken from the homogenizer were centrifuged at 4000 rpm for 10 min. SOD activity was measured spectrophotometrically at 440-460 nm on the supernatants obtained as defined in the kit prospectus.

*Measurement of catalase activity*
----------------------------------

Samples taken were weighed by precision scales in accordance with catalase kit (Cayman Chemical Company Catalase, E. Ellsworth Rd-Ann Arbor, MI, USA) procedure and their homogenates were prepared. 50 mM (pH=7) phosphate buffer was added to tissue samples to make a dilution at a rate of 1/10 (m/v). The samples were homogenized in a ball homogenizer (Retsch MM400) at 30 Hz frequency for 10 min. The tubes taken from the homogenizer were centrifuged at 4000 rpm for 10 min. Catalase activity was measured spectrophotometrically at 540 nm on the supernatants obtained as defined in the kit prospectus. The results were determined as U/mg ww.

*Histopathological examination*
-------------------------------

Histopathological evaluation was performed by a pathologist who did not have the knowledge of which tissue belonged to which experimental group. Tissues taken for histopathological examination were fixed in 10 % of formaldehyde. Tissues obtained were washed under tap water for one night long and then were embedded into paraffin after being subject to routine histological procedures. Sections of 5 μm taken from the paraffin blocks were taken onto slides^[@B24]^. Tissue samples prepared were dyed with hematoxylin-eosin and evaluated under light microscope as shown in [Table 1](#t1){ref-type="table"}.

Table 1Pathological evaluation criteria.(0)No injury healing/adherence(+)Anastomosis line is open from one or more points or low level of healing(++)No leakage in anastomosis, there is scar tissue and anastomosis ends are active (Edema in tissue, congestion, hypercellular scar reaction, mononuclear cellular infiltration)(+++)Anastomosis poles are active, there is granulation tissue in-between and healthier look(++++)Full injury healing, healthy look with epithelialisation

*Statistical method*
--------------------

Data obtained were indicated as average ± standard error (SE). Statistical significance levels of data were determined by using statistical packaged software "SPSS for Windows version 16" (Chicago, IL, USA). Multiple group comparisons were done by Kruskal-Wallis test. Mann Whitney U-test was used for comparison of two groups. For the interpretation of the result found, p\<0.05 value was accepted as statistically significant.

Results
=======

No leakages were observed at the anastomosis area when abdomens of the rats were opened to take tissue samples after the anastomosis.

Bursting pressure levels (mmHg) in 3 days groups, which represent the early period of anastomosis injury healing, were recorded as 32.1±8.4, 33.5±5.1, 67.6±9.5, and 79.4±8.0 for groups C3, DMSO3, Q3/20, and Q3/100 respectively. Significantly higher bursting pressure levels in groups which were applied with quercetin were remarkable (p\<0.05 quercetin treated groups versus control group). On the other hand, bursting pressure levels of all groups were similar 7 days after the operation (253.8±21.7, 284.27±17.2, 319.8±14.0, and 291.4±27.0 for groups C7, DMSO7, Q7/20, and Q7/100 respectively). Bursting pressure levels in early and late periods of injury healing are shown in [Figure 1](#f01){ref-type="fig"}.

Figure 1Bursting pressures in groups. (Group C3, control, anastomosis of 3 days; Group DMSO3, DMSO control, anastomosis of 3 days; Group Q3/20, quercetin 20 mg/kg, anastomosis of 3 days; Group Q3/100, quercetin 100 mg/kg, anastomosis of 3 days; Group C7, anastomosis of 7 days; Group DMSO7, DMSO control, anastomosis of 7 days; Group Q7/20, quercetin 20 mg/kg, anastomosis of 7 days; Group Q7/100, quercetin 100 mg/kg, anastomosis of 7 days. Columns show average and standard error. a: p\<0.05 *vs.* group C3, b: p\<0,05 *vs.* group DMSO3)

On the third day following the anastomosis, results obtained for hydroxyproline levels, which is an indicator of injury healing, were found to be similar with bursting pressure levels. Hydroxyproline levels (μg/mg ww) of scar tissue in groups which were applied with quercetin were significantly higher than groups which were not applied with quercetin (2.0±0.2, 3.6±0.3, 7.8±0.8, 8.1±0.6 for groups C3, DMSO3, Q3/20, Q3/100 respectively and 3.9±0.5, 4.3±0.5, 9.8±0.8, 7.5±0.7 for groups C7, DMSO7, Q7/20, Q7/100 respectively). Similarly, it can be seen in [Figure 2](#f02){ref-type="fig"} that quercetin significantly increased hydroxyproline level in the late period.

Figure 2Hydroxyproline levels in groups. (Group C3, control, anastomosis of 3 days; Group DMSO3, DMSO control, anastomosis of 3 days; Group Q3/20, quercetin 20 mg/kg, anastomosis of 3 days; Group Q3/100, quercetin 100 mg/kg, anastomosis of 3 days; Group C7, anastomosis of 7 days; Group DMSO7, DMSO control, anastomosis of 7 days; Group Q7/20, quercetin 20 mg/kg, anastomosis of 7 days; Group Q7/100, quercetin 100 mg/kg, anastomosis of 7 days. Columns show average and standard error. a: p\<0.05 *vs.* group C3, b: p\<0.05 *vs.* group DMSO3, d: p\<0.05 *vs.* group C7, e: p\<0.05 *vs.* group DMSO7)

Injury healing was also evaluated by using histopathological scoring. Histopathological healing score was found to be significantly higher in the group which was applied with 100 mg/kg quercetin on the third day following the anastomosis (Q3/100) compared to groups which were not applied with quercetin. On the other hand, histopathological healing score of group Q3/20, whose bursting pressure and hydroxyproline levels of scar tissue were significantly higher than the groups which were not applied with quercetin, was found to be higher than these groups but the difference was not statistically meaningful. Histopathological healing scores obtained on the seventh day of healing were significantly higher in Q7/20 group which were applied with quercetin compared to groups which were not applied with quercetin. However, a statistical significance could not be detected because of the high standard deviation in group Q7/100 (p= 0,068 versus group C7, p= 0,182 versus group DMSO7). Histopathological scores can be seen in [Figure 3](#f03){ref-type="fig"}.

Figure 3Histopathological scoring in groups. (Group C3, control, anastomosis of 3 days; Group DMSO3, DMSO control, anastomosis of 3 days; Group Q3/20, quercetin 20 mg/kg, anastomosis of 3 days; Group Q3/100, quercetin 100 mg/kg, anastomosis of 3 days; Group C7, anastomosis of 7 days; Group DMSO7, DMSO control, anastomosis of 7 days; Group Q7/20, quercetin 20 mg/kg, anastomosis of 7 days; Group Q7/100, quercetin 100 mg/kg, anastomosis of 7 days. Columns show average and standard error. a: p\<0.05 *vs.* group C3, b: p\<0.05 *vs.* DMSO3, d: p\<0.05 *vs.* group C7, e: p\<0.05 *vs.* group DMSO7)

Injury healing is substantially affected by the equilibrium between the oxidant damage antioxidant defense systems. As a matter of fact, on the third day following the anastomosis, MDA levels of scar tissue, which is an indicator of oxidant damage, were found to be significantly higher in groups which were not applied with quercetin (22.2±2.2, 16.2±1.5, 5.8±0.5, 9.2±0.7 for groups C3, DMSO3, Q3/20, Q3/100 respectively and 13.6±1.3, 13.7±1.4, 6.2±0.6, 9.5±1.1 for groups C7, DMSO7, Q7/20, Q7/100 respectively). Application of quercetin decreased the oxidant damage by strengthening the antioxidant defense system in the injury site on the third day following the operation.

Catalase activity (U/mg ww) values obtained on the third day of the study were found to be 19.2±0.8, 22.6±1.1, 34.1±2.7, 35.9±4 for groups C3, DMSO3, Q3/20, Q3/100 respectively whereas SOD activity (U/mg ww) values were found to be 6.3±0.3, 7.7±0.4, 10.1±0.6, 10.7±0.4 for groups C3, DMSO3, Q3/20, Q3/100 respectively.

Furthermore, it is seen that the effect of quercetin on decreasing the oxidant damage during the late period of injury healing continues especially in group Q7/20. Catalase activity values were measured as 19.9±1.3, 26.3±1.5,39.6±3.5, 34.9±2.2 and SOD activity values were measured as 8.1±0.5, 8.6±0.4, 13.1±0.7, 9.4±0.4 for groups C7, DMSO7, Q7/20, Q7/100 respectively.

Data on oxidant damage and antioxidant defense systems of groups can be found in [Figures 4 to 6](#f04){ref-type="fig"} [](#f05){ref-type="fig"} [](#f06){ref-type="fig"}.

Figure 4Malondialdehyde (MDA) levels in groups. (Group C3, control, anastomosis of 3 days; Group DMSO3, DMSO control, anastomosis of 3 days; Group Q3/20, quercetin 20 mg/kg, anastomosis of 3 days; Group Q3/100, quercetin 100 mg/kg, anastomosis of 3 days; Group C7, anastomosis of 7 days; Group DMSO7, DMSO control, anastomosis of 7 days; Group Q7/20, quercetin 20 mg/kg, anastomosis of 7 days; Group Q7/100, quercetin 100 mg/kg, anastomosis of 7 days. Columns show average and standard error. a: p\<0.05 *vs.* group C3, b: p\<0.05 *vs.* group DMSO3, c: p\<0.05 *vs.* group Q3/100, d: p\<0.05 *vs.* group C7, e: p\<0.05 *vs.* group DMSO7, f: p\<0.05 *vs.* group Q7/100)

Figure 5Superoxide dismutase (SOD) activities in groups. (Group C3, control, anastomosis of 3 days; Group DMSO3, DMSO control, anastomosis of 3 days; Group Q3/20, quercetin 20 mg/kg, anastomosis of 3 days; Group Q3/100, quercetin 100 mg/kg, anastomosis of 3 days; Group C7, anastomosis of 7 days; Group DMSO7, DMSO control, anastomosis of 7 days; Group Q7/20, quercetin 20 mg/kg, anastomosis of 7 days; Group Q7/100, quercetin 100 mg/kg, anastomosis of 7 days. Columns show average and standard error. a: p\<0.05 *vs.* group C3, b: p\<0.05 *vs.* group DMSO3, d: p\<0.05 *vs.* group C7, e: p\<0.05 *vs.* group DMSO7, f: p\<0.05 *vs.* group Q7/100)

Figure 6Catalase activities in groups. (Group C3, control, anastomosis of 3 days; Group DMSO3, DMSO control, anastomosis of 3 days; Group Q3/20, quercetin 20 mg/kg, anastomosis of 3 days; Group Q3/100, quercetin 100 mg/kg, anastomosis of 3 days; Group C7, anastomosis of 7 days; Group DMSO7, DMSO control, anastomosis of 7 days; Group Q7/20, quercetin 20 mg/kg, anastomosis of 7 days; Group Q7/100, quercetin 100 mg/kg, anastomosis of 7 days. Columns show average and standard error. a: p\<0.05 *vs.* group C3, b: p\<0.05 *vs.* group DMSO3, d: p\<0.05 *vs.* group C7, e: p\<0.05 *vs.* group DMSO7)

Discussion
==========

These are the key results of our study: Quercetin is one of the factors that have a significantly curative effect on injury healing in the early period; it increases antioxidant capacity both in the early and late period and contributes to injury healing.

One of the measurement methods of injury strength in experimental anastomosis studies is bursting pressure. We also used bursting pressure for measuring injury strength in our study. In our study, high bursting pressures recorded 3 days after the anastomosis in groups to which quercetin was applied show that quercetin deliberately speeds the injury healing in this period. Histopathological data in Q3/20 and Q3/100 groups also support this finding. The fact that quercetin did not make a significant change in bursting pressure on the seventh day suggests that the effect of speeding the injury healing is more explicit in the early period.

One of the important factors in injury healing is reactive oxygen species (ROS). ROS is produced by nicotinamide adenine dinucleotide phosphate (NADPH) oxidase during normal metabolic incidents. Hydrogen peroxide (H~2~O~2~) is one of these and it is not a radical. However, it can cause serious damages in cells^[@B25]^. The existence of iron and copper ions in the environment causes H~2~O~2~ to form hydroxyl radicals. These radicals can cause cell damage. ROS is an important route to protect the injury area against pathogenic microorganisms. A major part of ROS formation is realized by neutrophils and macrophages. ROS can cause damages in the surrounding tissues along with removal of microorganisms in the environment^[@B26]^. Superoxide anion (O~2~ ^-^) originated subject to inflammation of endothelial cells in the injury area and H~2~O~2~ stimulate neovascularization by regulating micro circulation. By this means, nutrition and oxygen need of the injury area are met. It was also stated that ROS in low levels has a role in signal transmission in cells^[@B27]^. Oxidants and free radicals in the injury area can deteriorate healing by causing tissue damage. Major factors of this deterioration are O~2~ ^-^anion and hydroxyl radicals. They crash the proline and hydroxyproline which constitute the collagen and can change the adhesion, reproduction, and vitality of fibroblasts. Nonetheless, they cause serious damages in fibroblasts by inhibiting the migration of H~2~O~2~ keratinocytes and signal transmission of epidermal growing factor (EGF)^[@B28]^. High level of ROS and increased inflammatory infiltration in the injury area indicate the existence of oxidative stress. Increase in ROS level causes cytotoxicity and delays injury healing. For this reason, reducing the effects of ROS is very critical for injury healing. Thus, the antioxidant substances stand out. Today antioxidants are used for injury healing^[@B29]^. There are several studies that examine the healing of injuries by using antioxidants^[@B19],[@B20],[@B30]^.

In Kabali *et al*.^[@B31]^, which is one of these studies, injury healing by applying acetylcysteine to the injury area in colon anastomosis in rats was examined. A significant acceleration in injury healing in rats that were treated with acetylcysteine was seen. Çakmak *et al*.^[@B19]^ found out in their studies that resveratrol and simvastatin speed up the healing process of colon anastomosis injuries. In these studies, it is observed that acceleration of injury healing is accompanied by the decrease in oxidant damage.

Gopalakrishnan *et al*.^[@B9]^ examined the effects of quercetin on injury healing in a study. It was seen that quercetin significantly increased vascular endothelial growth factor (VEGF) and transforming growth factor beta-1 (TGFβ-1) expressions, which are important in injury healing, and decreased tumor necrosis factor alpha (TNF-α) expression. Nonetheless, it was also stated that it decreased the number of inflammatory cells, increased fibroblast proliferation and microvessel density, and regulated reepithelization and collagen accumulation. In our study, it was seen that quercetin caused a significant change in hydroxyproline levels at a dose of 20 mg/kg and 100 mg/kg in short and long period and contributed to injury healing.

One of the most important components of the colorectal wall is a lymphoid structure which is called the Peyer's plaque. The Peyer's plaque can be found in different locations in male and female genders. The collagen content of the Peyer's plaque is lower compared to other parts of the colon. The collagen amount can affect the healing process of the anastomosis line^[@B32]^. We did not take into consideration the location of the Peyer's plaque while performing the resection and end-to-end anastomosis. However, the probable disadvantages which could be caused by the location of the Peyer's plaque were minimized by the facts that we used rats of only one type of gender (male) and also we performed the surgical protocol on the exact same anatomic area in all animals.

Gomathi *et al*.^[@B7]^ examined the effects of a biomaterial, which is a compound of quercetin and collagen matrix, on skin injuries. It was reported that quercetin increases cell proliferation, hydroxyproline levels, injury healing and decreases levels of free radicals by showing antioxidant effect. According to these results, they suggested that quercetin could be used as a material for injury healing.

In our study, we observed that quercetin application increased SOD and catalase activities. Quercetin application for 3 days significantly increased the SOD activities in intestinal tissue. We reached similar results for CAT activities as well. By looking at these results, it can be said that quercetin application for 3 days, even with low doses, increases antioxidant capacity. In compliance with these results, MDA levels -an indicator of oxidant damage- were determined to be lower in Q3/20 and Q3/100 groups. Quercetin application for 3 days speeded the injury healing and meanwhile limited the oxidant damage by increasing the antioxidant capacity. By taking into consideration the studies which show that oxidant damage negatively affects injury healing, it is possible to tell that quercetin increases the injury site strength after anastomosis by improving the antioxidant capacity.

One of the interesting results of our study is that MDA levels of groups which were administered with quercetin at a dose of 20 mg/kg were lower than groups which were administered with quercetin at a dose of 100 mg/kg. This finding is coherent with lower SOD level determined in group Q7/20 compared to group Q7/100. It might be expected that a higher dose of quercetin would affect more both the oxidant damage and the antioxidant capacity. However, in the study of Kay *et al*.^[@B33]^ it was clearly shown that dose-response curves of flavonoids could be non-linear. Therefore, for using flavonoids as complementary treatment, more detailed studies on dose-response curves are needed.

Although antioxidant capacity in groups which were applied with quercetin for 7 days increased as well, it can be thought that quercetin is less effective in the late period compared to the early period by taking into consideration other factors involved that affect injury healing. Taking into account the major problems that anastomosis leakages cause especially in early periods, healing effect of quercetin in the early period is precious.

In a study about ischemic reperfusion damage, Ekingen *et al*.^[@B34]^ examined how the biochemical changes that occur in the early and late periods of reperfusion affected anastomosis healing. They found that the SOD enzyme activity, which is measured for evaluating the effect of ischemic reperfusion on the intestinal wall, increased significantly in the early period of the reperfusion compared to the control group. However, they observed that on the 24^th^ hour of the reperfusion, SOD enzyme activity decreased to lower levels compared to the control group. Lower SOD levels than the control group in the late period and non-existence of histopathological damage suggest that antioxidant effect was completed in the early period.

As a matter of fact, we used DMSO as a solvent in this study. Nonetheless, we obtained interesting results regarding particularly oxidant damage and antioxidant capacity in groups, which were administered with DMSO only (groups DMSO3 and DMSO7). The MDA level, which is accepted as an indicator of oxidative damage, of the groups which were administered with DMSO only (groups DMSO3 and DMSO7) was lower than the MDA level of the C3 group which took no treatment. Furthermore, both SOD and CAT activities of the DMSO3 group were found to be higher than the C3 group. We did not obtain such striking results in DMSO7 group in terms of oxidant damage and antioxidant capacity. We only detected an increase in CAT activity in this group. Similar to our study, there are several studies in the literature in which the antioxidant characteristic of the DMSO is emphasized^[@B35]-[@B37]^. In the study of Li *et al*.^[@B35]^, which is an example of these studies, DMSO showed a protective effect in gut barrier by increasing the SOD activity and decreasing the MDA level in gut barrier dysfunction generated by zymosan. At the same time, there are other studies in the literature in which the antioxidant effects of DMSO could not be determined^[@B38],[@B39]^. Different studies are needed to understand the effects of DMSO on oxidative system. By considering the results of our study, it is possible to say that DMSO can augment the antioxidant effects of quercetin.

In our study, finding higher bursting pressure levels in Q3/20 and Q3/100 groups, which were formed to determine the effect of quercetin on injury healing in the early period, compared to C3 and DMS03 groups is an indicator of fine injury strength. Higher hydroxyproline levels in Q3/20 and Q3/100 groups compared to C3 and DMS03 groups coincide with and support the bursting pressure values. Quercetin did not have a significant effect on bursting pressures in the long term but hydroxyproline levels increased significantly in Q7/20 and Q7/100 groups compared to C7 group. Along with hydroxyproline, some other factors also play a role in injury site healing. Madden and Smith stated that knowing only the collagen amount was not enough to express the importance of collagen in injury site healing, it was also needed to know the collagen construction and destruction ratios^[@B40]^.

Conclusions
===========

The intraperitoneal application of quercetin dissolved in DMSO improves healing and reduces levels of tissue oxidative stress in colorectal anastomoses performed in rats. It is seen that quercetin contributes to healing of anastomosis injuries in the early period. It also regulates the oxidant and antioxidant parameters both in the early and the late period. According to these results, it can be suggested that quercetin accelerates the injury healing by improving antioxidant capacity.

In accordance with the results of our study, it is possible to say that quercetin can be useful in the healing of anastomosis injuries. It can be said that the antioxidant effect of quercetin is crucial in revealing this healing effect. However, additional studies are needed to know how quercetin affects molecular mechanisms in the healing process and by which paths it realizes this.
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